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Abstract
Background: Among patients in skilled nursing facilities for post-acute care, increased registered
nurse, total licensed staff, and nurse assistant staffing is associated with a decreased rate of hospital
transfer for selected diagnoses. However, the cost-effectiveness of increasing staffing to
recommended levels is unknown.
Methods: Using a Markov cohort simulation, we estimated the incremental cost-effectiveness of
recommended staffing versus median staffing in patients admitted to skilled nursing facilities for
post-acute care. The outcomes of interest were life expectancy, quality-adjusted life expectancy,
and incremental cost-effectiveness.
Results: The incremental cost-effectiveness of recommended staffing versus median staffing was
$321,000 per discounted quality-adjusted life year gained. One-way sensitivity analyses
demonstrated that the cost-effectiveness ratio was most sensitive to the likelihood of acute
hospitalization from the nursing home. The cost-effectiveness ratio was also sensitive to the
rapidity with which patients in the recommended staffing scenario recovered health-related quality
of life as compared to the median staffing scenario. The cost-effectiveness ratio was not sensitive
to other parameters.
Conclusion: Adopting recommended nurse staffing for short-stay nursing home patients cannot
be justified on the basis of decreased hospital transfer rates alone, except in facilities with high
baseline hospital transfer rates. Increasing nurse staffing would be justified if health-related quality
of life of nursing home patients improved substantially from greater nurse and nurse assistant
presence.
Background
Transfer back to the hospital is a common problem for
patients admitted to skilled nursing facilities (SNF), with
an estimated 18% of patients transferring to the hospital
within the first 30 days of admission, and 38% within the
first 90 days [1]. Avoiding hospital transfer in frail older
individuals is desirable if care can be provided in the SNF
because of the many adverse effects associated with hospi-
talization [2]. In addition, evidence suggests that SNF
patients are often inappropriately hospitalized. One study
which reviewed 100 unscheduled transfers to hospital
found that 36% of transfers to the emergency room and
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40% of hospital admissions from SNF were inappropriate,
with poor quality of care in the SNF at least partially
implicated [3]. Another study of processes and outcomes
of care for Medicare SNF patients with acute heart failure
found that if the patient's condition changed during the
night shift, when staffing is generally lower, the odds of
rehospitalization or emergency department evaluation
were increased fourfold, suggesting an implicit connec-
tion between nurse staffing and rehospitalization rates
among SNF patients [4].
This implicit relationship between nurse staffing and rates
of hospital transfer was made explicit in the Center for
Medicare and Medicaid Services (CMS) December 2001
report to Congress entitled "Appropriateness of Minimum
Nurse Staffing Ratios in Nursing Homes [5]." This report
argued that registered nurse, total licensed staff and nurse
assistant staffing levels are related to rehospitalization
rates in short-stay nursing home patients, and that certain
staffing thresholds exist, below which quality problems
are more likely. Since then, the Institute of Medicine, in a
report entitled "Keeping Patients Safe: Transforming the
Work Environment of Nurses," supported the adoption of
the minimum staffing ratios found in the report to Con-
gress [6]. In addition, in at least one instance, state legisla-
tors have proposed minimum nurse staffing levels
consistent with those recommended in the CMS [7]. To
test the hypothesis that reductions in hospital transfer
rates would offset increased labor costs associated with
higher staffing, we created a simulation model to gauge
the costs and effects of recommended minimum staffing
ratios for short-stay nursing home patients.
Methods
Model
We compared two scenarios for patients newly admitted
to skilled nursing facilities from the hospital: 1) median
staffing and 2) recommended staffing. The median staff-
ing scenario used median staffing time for registered nurse
(RN), licensed staff (RN plus licensed practical nurse
(LPN)) and nurse assistant (NA) hours per patient day as
defined in the CMS report to Congress. These median val-
ues per patient day were 2.02 hours for NAs, 1.02 hours
for RNs plus LPNs, and 0.38 hours for RNs [5]. We used
median staffing instead of mean staffing levels because
the staffing data were highly skewed, and we considered
the median staffing data more representative of most U.S.
facilities.
The recommended staffing scenario used weighted aver-
age threshold values for staffing below which there was an
increased likelihood of transfer to the hospital based on
the CMS report to Congress. These recommended values
were 2.37 hours for NAs, 1.14 hours for RNs plus LPNs,
and 0.55 hours for RNs [5]. Under recommended care,
NA, RN plus LPN, and RN staffing levels were higher than
median values, while LPN hours were slightly lower.
We developed a Markov cohort simulation to track the
costs and health outcomes for patients hypothetically
assigned to one of the two staffing scenarios (median ver-
sus recommended). The Markov model was constructed
using DATA Professional (TreeAge Software; William-
stown, MA). The model represents the typical flow of
patients from their first day in the SNF to discharge, with
a probability of being hospitalized for one of five condi-
tions (congestive heart failure, electrolyte imbalance, res-
piratory infection, sepsis, and urinary tract infection)
while in the SNF (Figure 1). These conditions were identi-
fied in the CMS report as being sensitive to licensed nurse
and nurse assistant staffing (see section on transition
probabilities). In the model, patients discharged from the
hospital return to the SNF. Any patient completing 30
consecutive days in the SNF is then discharged from the
SNF, which is not an overly restrictive assumption given
an average length of stay of 22.9 days for SNF patients in
the year 2000 [8]. Patients may also die at any point in the
model, with probabilities of death that are higher while in
hospital than while at the SNF or after discharge from the
SNF. See Appendix A (in Additional File 1) for further
details of model design.
Transition probabilities
Transition probabilities for the Markov model are shown
in Tables 1 and 2. The likelihood of being transferred to
the hospital from the SNF for patients both under the
median staffing and recommended staffing scenarios was
based on Chapter 2 of the CMS Report to Congress on
appropriateness of minimum nurse staffing ratios in nurs-
ing homes [5]. The authors of the report identified thresh-
old values for the amount of NA, RN plus LPN, and RN
hours per patient day below which there was an increased
likelihood for facilities to be in the highest 10% of the
sample for hospital transfer rates for the five conditions
that were posited to be sensitive to licensed nurse and
nurse assistant staffing mentioned previously. The analy-
sis included all hospital transfers within 30 days of admis-
sion to the SNF that had one of these five conditions as the
primary or secondary diagnosis. Logistic regression analy-
ses were conducted with the object of determining the
relationship between facility-level staffing (regardless of
the patient mix within the facility) and the likelihood of
being in the highest decile for hospital transfer rates. Odds
ratios for a facility being in the highest decile for hospital
transfer rates ranged from 1.31 for respiratory infection
among facilities that fell below 1.05 licensed staff (RN
plus LPN) hours per patient day to 2.43 for sepsis among
facilities that fell below 2.40 NA hours per patient day [5].
Point estimates for these odds ratios were used for ourBMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
Page 3 of 9
(page number not for citation purposes)
base case analysis, with 95% confidence intervals used for
sensitivity analysis, using the procedures discussed below.
To convert these odds ratios into meaningful information
for the Markov cohort simulation, we used additional
data available in the CMS report to estimate total rates of
hospital transfer for hypothetical facilities with median
and recommended staffing. We assumed that the median-
staffed facility had mean rates of hospital transfer for each
of the five conditions as defined within the CMS report.
Because the five conditions were not mutually exclusive,
we downward-adjusted hospital transfer rates for each
condition so that the rates for all five conditions totaled
16%, the overall 30-day hospital transfer rate for any diag-
nosis [5]. This assumes that 100% of hospital transfers
had one of the five selected conditions as either the pri-
mary or secondary diagnosis, an assumption favorable to
the recommended staffing scenario. In addition to assum-
ing mean hospital transfer rates for the median-staffed
facility, we also assumed an average risk of being in the
highest decile of hospital transfer rates for any given con-
dition (namely, 10%). Using this 10% probability
together with the odds ratios of hospital transfer for each
condition and nurse staffing type (NA, RN plus LPN, and
RN), we were able to estimate the (reduced) likelihood of
being in the highest 10% of hospital transfer rates for the
facility with recommended staffing (and conversely, the
increased likelihood of being in the lowest 90%).
Using percentile data on hospital transfer rates available
in the CMS report [5], we were able to estimate bottom
90% and top 10% hospital transfer rates for each condi-
tion. Facilities with recommended staffing might have, for
example, a 7% likelihood of being in the top 10% of hos-
pital transfer rates, and therefore a 93% likelihood of
being in the bottom 90%. Using these new weightings, we
were able to estimate the relative reduction in hospital
transfer rates for any of the five conditions (see Table 2)
under the recommended staffing scenario. These values
were then inserted into the Markov model. For the five
staffing-sensitive conditions combined, we estimated an
8% relative risk reduction in 30-day hospital transfer rates
(from 16% to 14.7%) under recommended staffing levels.
We assumed that meeting recommended staffing for NA
hours, licensed staff (RN plus LPN) hours, and RN hours
were independent effects, because the CMS report does
not indicate to what extent staffing levels are correlated
[5]. For further details on efficacy calculations, see Appen-
dix B (in Additional File 1).
Case fatality rates for hospitalized patients were taken
from Medicare data [9]. While the actual case fatality rates
for frail older SNF patients are likely higher than Medicare
average rates, we did not have published estimates specif-
ically for this population. Thus, we tested a range of fatal-
ity rates in sensitivity analyses. The likelihood of dying in
the SNF or after discharge was based on a smoothed haz-
ard from an eleven year follow up of nursing home
patients in a single facility [10]. While this result may not
be generalizable, it represents the longest published fol-
low-up of patients likely to have similar levels of comor-
bidity as the target population. We tested a wide range of
values (from 15.2% to 60.6% annually) for the hazard in
sensitivity analyses given the uncertainty about this
estimate.
Health-related quality of life
The model measured health effects in terms of quality-
adjusted life expectancy. The utility weights for the health
states were derived from time-tradeoff scores collected
from seriously ill patients (median age, 62.8 years) on day
three of their hospital stay, and at two months post-hos-
pitalization, as part of the SUPPORT study. These utility
weights are shown in Table 3[11]. The mean time trade-
off score for this seriously ill sample was 0.73 at day three
Schematic diagram of Markov model Figure 1
Schematic diagram of Markov model. The model has a 
cycle length of one day. All patients begin in the bolded state 
entitled "SNF day 1." From SNF day 1, patients can transition 
to a second SNF day, be hospitalized for any one of five con-
ditions, or die. If patients spend 30 consecutive days in the 
SNF without being hospitalized, they transition to the "Dis-
charged" state, where they remain until they die. If patients 
are hospitalized, they spend five or six days in the hospital, 
depending on the condition for which they are hospitalized, 
unless they die while in hospital. Upon completing their hos-
pital course, patients then return to SNF day 1. Abbrevia-
tions: SNF, skilled nursing facility; CHF, congestive heart 
failure; EI, electrolyte imbalance; RI, respiratory infection; 
UTI, urinary tract infection.BMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
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of their hospital stay and 0.79 at month two post-hospi-
talization, where 0 represents death and 1 represents per-
fect health. This means that at day three of their hospital
stay, on average patients accepted one year of life in their
current state of health as being equivalent to 0.73 years in
perfect health, whereas by month two after hospital dis-
Table 1: Parameters governing transition probabilities for the Markov model
Parameter Base Case Biased toward 
recommended 
staffing
Biased against 
recommended 
staffing
Ref.
30-day hospitalization rates from SNF*
Congestive heart failure 3.9% [7.8%] [2.0%] [5]
Electrolyte imbalance 4.4% [8.8%] [2.2%] [5]
Respiratory infection 3.4% [6.8%] [1.7%] [5]
Sepsis 1.4% [2.8%] [0.7%] [5]
Urinary tract infection 3.0% [6.0%] [1.5%] [5]
Case fatality rates at hospital*
Congestive heart failure 1.2% [2.5%] [0.6%] [9]
Electrolyte imbalance 1.7% [3.4%] [0.9%] [9]
Respiratory infection 1.3% [2.6%] [0.7%] [9]
Sepsis 3.1% [6.1%] [1.5%] [9]
Urinary tract infection 1.5% [3.0%] [0.8%] [9]
Annual hazard of dying for SNF and discharged states 30.3% [15.2%] [60.6%] [10]
Parameters governing transition probabilities for the Markov model are listed here. Brackets refer to assumptions made for sensitivity analyses 
where data were not available. Base case values represent the best available estimate of the parameter in question. Values listed under the column 
"biased toward recommended staffing" and "biased against recommended staffing" represent extreme values of the parameter that are most 
favorable and least favorable to the recommended staffing scenario when tested in sensitivity analyses. Abbreviations: SNF, skilled nursing facility; 
Ref., reference.
*Probabilities of hospitalization for the five conditions mentioned were varied together in sensitivity analysis, as were case fatality rates.
Table 2: Relative risk reduction for hospitalization with recommended staffing
Parameter Base Case Biased toward 
recommended 
staffing
Biased against 
recommended 
staffing
Ref.
Nurse assistant factors*
Congestive heart failure 3.4% 5.7% 0.2% [5]
Electrolyte imbalance 3.2% 5.4% 0.2% [5]
Sepsis 11.3% 14.5% 6.3% [5]
Urinary tract infection 4.3% 7.2% 0.1% [5]
Licensed staff factors*
Electrolyte imbalance 2.9% 4.9% 0.4% [5]
Respiratory infection 2.8% 5.0% 0.1% [5]
Sepsis 6.1% 10.3% 0.4% [5]
Urinary tract infection 4.7% 6.9% 1.8% [5]
Registered nurse factors*
Electrolyte imbalance 3.0% 5.2% 0.1% [5]
Sepsis 5.7% 9.6% 0.4% [5]
Urinary tract infection 3.9% 6.5% 0.4% [5]
Parameters governing efficacy of recommended staffing levels at reducing hospital transfer rates are listed here. Not all staff were effective in 
preventing all five types of hospital conditions; only statistically significant reductions in hospital transfer were used in the analysis. Base case values 
represent the best available estimate of the parameter in question. Values listed under the column "biased toward recommended staffing" and 
"biased against recommended staffing" represent extreme values of the parameter that are most favorable and least favorable to the recommended 
staffing scenario when tested in sensitivity analyses, and were derived from 95 percent confidence intervals around efficacy parameters. 
Abbreviation: Ref., reference.
*All efficacy factors were varied simultaneously and also by group (RN, Licensed staff, and NA).BMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
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charge, patients considered one year of life in their current
state of health as equivalent to 0.79 years in perfect health.
While the improvement in health-related quality of life
may appear small (0.73 to 0.79), it should be noted that
these are average values and there was wide inter-individ-
ual variation in scores [11].
For the median-staffed scenario, we modeled the 30-day
"post-acute" period as having a linear improvement in
utility (health-related quality of life) from 0.73 on admis-
sion to 0.79 on discharge from the SNF. Preliminary anal-
yses demonstrated that the cost-effectiveness ratio was
sensitive to the differential in health-related quality of life
between patients in facilities with median versus recom-
mended staffing. Thus, we performed a sensitivity analysis
in which health-related quality of life within the recom-
mended-staffing scenario increased twice as rapidly in the
nursing home as within the median-staffing scenario,
with health-related quality of life leveling off at 0.79 by 15
days in the recommended-staffing scenario instead of at
30 days as in the median-staffing scenario. For further
details on utilities, please see Appendix C (in Additional
File 1).
Costs
Our analysis adopts the cost perspective of Medicare, the
typical payer for post-acute care. We report costs (shown
in Table 3) in 2002 U.S. dollars. Where data were not
available for the year 2002, prices were inflated to 2002
values using the medical care component of the Con-
sumer Price Index [12]. We discounted all costs and health
effects at 3% per year for the base case, with sensitivity
analyses performed at discount rates of 0% and 5%. Costs
were grouped into two categories, SNF costs and hospital
costs. To obtain nursing costs in the SNF, hourly wages for
RNs, LPNs, and NAs were estimated by ascertaining the
wages of each staff type [13] and multiplying by a factor
to account for fringe benefits, which represented 26.2% of
total compensation for nursing home employees [14].
The adjusted hourly wages for each staff type were then
multiplied by the hours worked by that staff type per
patient day, and summed together, for each staffing sce-
nario, creating a total cost of nursing care per patient-day.
Non-nurse staffing related costs were estimated by taking
the average daily reimbursement by Medicare to skilled
nursing facilities and subtracting an estimated margin of
5%, and the nurse staffing costs calculated for the median-
staffed facility [15]. Patients were assumed to have one
Table 3: Utilities, costs and discount rate
Parameter Base Case Biased toward 
recommended 
staffing
Biased against 
recommended 
staffing
Ref.
Utilities
Hospital 0.73 0.41 [0.79] [11]
Discharge 0.79 1.00 [0.73] [11]
Days to reach discharge utility Under 
recommended staffing*
[30] [15] [30]
Hourly wages with benefits
Nurse assistant $13.28 [$10] [$20] [13, 14]
Licensed practical nurse $20.78 [$30] [$15] [13, 14]
Registered nurse $32.94 [$20] [$40] [13, 14]
Other nursing facility costs $193.5 [$400] [$100] [15]
Hospitalization costs
Congestive heart failure** $4603 [$9206] [$2301] [9]
Electrolyte imbalance** $3913 [$7826] [$1956] [9]
Respiratory infection** $4722 [$9444] [$2361] [9]
Sepsis** $7142 [$14285] [$3571] [9]
Urinary tract infection** $3853 [$7707] [$1927] [9]
Daily cost for discharged patients [$0] [$0] $113 [17]
Annual discount rate 3% 0% 5% [25]
All costs in 2002 U.S. dollars. Brackets refer to assumptions made for sensitivity analyses where data were not available or did not provide an 
adequate range for the parameter. Base case values represent the best available estimate of the parameter in question. Values listed under the 
column "biased toward recommended staffing" and "biased against recommended staffing" represent extreme values of the parameter that are most 
favorable and least favorable to the recommended staffing scenario when tested in sensitivity analyses.
*Number of days in skilled nursing facility required to go from utility at admission to discharge level of 0.79 under recommended staffing. Average 
staffed facilities were assumed to require 30 days to reach discharge utility level.
**Hospitalization costs were varied together. Hospitalization costs include Medicare reimbursement to the hospital plus initial and subsequent 
physician visits.BMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
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visit by a physician on the initial day of their first admis-
sion to the SNF at a cost of $100 (CPT 99303) [16].
Hospital costs were estimated from the median Medicare
reimbursement under Medicare Part A for each diagnosis
[9]. Physician costs assumed an initial visit cost on day
one (CPT 99223) and a subsequent visit cost (CPT 99233)
on all days in which the patient remained in the hospital
[16]. A range of total hospital costs (physician fees plus
hospital costs), from half to double baseline values, was
tested in the sensitivity analyses. We made no attempt to
model costs after discharge from the SNF as this was not
the focus of our analysis, so total daily costs per day after
discharge were zero. However, we performed a sensitivity
analysis on total daily costs per day for discharged patients
to assess whether this would significantly affect our main
findings. The upper limit of our sensitivity analysis on this
parameter was $113/day, which reflects the inflation-
adjusted average per-diem rate paid by Medicaid for long-
term care [17].
Results
Base-case analysis
Under the base case assumptions, staffing SNFs at recom-
mended levels resulted in discounted medical costs of
$8941 per post-acute patient from admission to ultimate
discharge, versus a cost of $8767 for facilities with median
staffing (incremental cost $173.50 per patient). Dis-
counted, quality-adjusted life expectancy was 2.28117
quality-adjusted life years (QALYs) in the facility with rec-
ommended staffing and 2.28063 QALYs in the median-
staffed facility, for a difference of 0.00054 QALYs. The
incremental cost-effectiveness ratio was $321,000 per dis-
counted QALY gained.
Without quality adjustment, the cost-effectiveness ratio
was $271,000 per discounted year of life saved, and
$250,000 per undiscounted year of life saved. Undis-
counted life expectancy was 3.13587 years in the recom-
mended-staffing scenario and 3.13517 years in the
median-staffing scenario, for a gain of 0.0007 life years
per patient. Undiscounted costs were $8780 for the
median-staffing scenario and $8953 for the recom-
mended-staffing scenario, with an incremental cost of
$173.60.
Sensitivity analysis
Factors affecting transitions between states
We report results of sensitivity analyses in Table 4. In one-
way sensitivity analysis, the cost-effectiveness ratio was
most sensitive to the rate of hospitalization for the five
nursing-care-sensitive conditions: congestive heart failure,
electrolyte imbalance, respiratory infection, sepsis, and
urinary tract infection. When the hospitalization rates
from the SNF for these conditions were simultaneously
doubled from their base case values, then the cost-effec-
tiveness ratio was $36,000 per QALY. If hospitalization
rates were simultaneously half their base case values, the
cost-effectiveness ratio was $896,000 per QALY. The cost-
effectiveness ratio was not sensitive to changes in mortal-
ity rates for any of the health states.
The cost-effectiveness ratio was somewhat sensitive to the
efficacy of nursing staff as a whole. When all staff (nurse
assistants and licensed staff) were assumed to maximally
reduce the risk of hospitalization for the conditions that
were sensitive to their input (which we accomplished by
setting the risk reduction for hospitalization to the favora-
ble end of the 95% confidence intervals) the cost-effec-
tiveness ratio was $124,000 per QALY. When staff were
assumed to be minimally effective under recommended
staffing conditions (by using the least favorable end of the
95% confidence intervals for staff efficacy at reducing hos-
pital transfer rates), the cost-effectiveness ratio was
$2,508,000 per QALY. The cost-effectiveness ratio was not
sensitive to the contributions of individual staffing type
(NAs, LPNs plus RNs, or RNs), nor was it sensitive to
varying the efficacy of recommended staffing at
preventing hospitalizations for a particular condition (e.g.
sepsis).
Health related quality-of-life and costs
The cost-effectiveness ratio was sensitive to the rate of
improvement of quality of life while in the SNF in the rec-
ommended-staffing scenario. The median-staffed group
was assumed to require the entire 30-day stay in the SNF
to reach the discharge level of health-related quality of
life. If the group with recommended staffing reached the
discharge level of health-related quality of life by 15 days,
half-way through the expected stay and twice as quickly as
the median-staffed group, the cost-effectiveness ratio was
$94,000 per QALY. If it took the entire 30 days to reach
the discharge value for health-related quality of life for the
recommended staffing group, then the cost-effectiveness
ratio was the base case, or $321,000 per QALY. The cost-
effectiveness ratio was not sensitive to the utility of being
in the "hospital" or "discharged" states. The cost-effective-
ness ratio was not sensitive to any of the tested costs nor
any of the tested discount rates.
Discussion
To our knowledge, this is the first attempt to compare the
cost and effectiveness of two different nurse staffing sce-
narios using a cost-utility framework. Because there are no
randomized data on the efficacy of increasing nurse staff-
ing in nursing homes to the minimums identified in the
CMS report [5] and recommended by the Institute of
Medicine [6], modeling can serve as a means of testing
various hypotheses about efficacy of staffing interventions
on different outcomes. Our simulation modeling resultsBMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
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indicate that preventing hospital transfers alone is
unlikely to make the recommended minimum-staffing
ratios cost-effective by conventional medical standards,
unless increases in staffing to the recommended levels are
targeted to facilities with high hospital transfer rates. This
result occurred because staffing effects on hospitaliza-
tions, though statistically significant as reported in the
CMS study, were small in magnitude (we estimated a
reduction in 30-day hospital transfer rates from 16% to
14.7% based on the CMS data).
The cost-effectiveness ratio was sensitive to the rapidity of
improvement in health-related quality of life in the SNF in
the recommended staffing scenario compared to the
median-staffing scenario, but only when the differential
improvement was quite marked. However, the approach
we used is likely to underestimate the true benefit of
increased staffing on quality of life, since it does not cap-
ture non-health-related benefits, such as physical comfort,
attentiveness of staff, and social interaction. In the long-
term care arena, there is evidence that staffing affects non-
health-related quality of life. Residents in homes staffed at
the recommended minimum levels were more likely to be
out of bed during the day, were more socially engaged,
and were assisted more frequently with incontinence,
repositioning, and eating assistance [18]. In addition,
when asked, nursing home residents prefer more frequent
help with basic activities of daily living than they would
typically get under routine median staffing conditions
[19]. Furthermore, families of nursing home residents
placed a high financial value on the incontinence and
exercise care activities that are associated with higher
staffed homes, valuing these staffing-intensive activities
more than private rooms, which are successfully marketed
and expensive [20]. To what extent these findings, which
come from the long-term care population, translate to
patients in post-acute settings is not clear, but it seems
plausible that the benefits of staffing to short-stay patients
extend beyond preventing hospitalization for acute sick-
ness episodes and also include non-medical aspects of
care.
The cost-effectiveness ratio was sensitive to the rate of hos-
pital transfer from the nursing home, ranging from
$36,000 per QALY at two-fold the baseline rate, versus
$896,000 per QALY at half the baseline rate. This result
occurred due to the greater absolute risk reduction in hos-
pital transfers in the simulation model when the overall
rates of hospital transfer are higher, as well as the down-
stream effects of rehospitalization, which include a higher
mortality rate while in-hospital and additional days in the
SNF after discharge from the hospital. Thus, our results
Table 4: One-way sensitivity analyses on selected parameters, expressed as dollars per quality-adjusted life year gained
Parameter Range (Best, Worst) Biased toward 
recommended 
staffing
Biased against 
recommended 
staffing
Efficacy of optimizing nurse staffing See table 2
All staff $124,000 $2,508,000
NA $225,000 $556,000
Licensed staff (RN + LPN) $230,000 $510,000
RN $289,000 $369,000
Transition probabilities
Hospitalization rate (double, half) $36,000 $896,000
In-hospital mortality rate (double, half) $150,000 $793,000
Annual mortality rate in SNF or when discharged (15%, 61%) $181,000 $760,000
Utilities
of "hospital" state (0.41, 0.79) $239,000 $343,000
of "discharged" state (1.00, 0.73) $218,000 $371,000
Time to discharge utility in recommended staffing group (15 d., 30 d.) $94,000 $321,000
Costs
Hospitalization cost (double, half) $192,000 $386,000
NA wage ($10, $20) $256,000 $455,000
LPN wage ($30, $15) $292,000 $339,000
RN wage ($20, $40) $193,000 $391,000
Non-nursing costs in SNF ($400, $100) $243,000 $356,000
Daily costs for discharged patients ($0, $113) $321,000 $428,000
Discount rate (0%, 5%) $297,000 $337,000
All costs in 2002 U.S. dollars. The column labeled "range" refers to the best-case and worst-case values tested in sensitivity analyses. "Double" and 
"Half" refer to double and half the base case values, respectively. SNF, skilled nursing facility; NA, nurse assistant; LPN, licensed practical nurse; RN, 
registered nurse.BMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
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predict that facilities with the highest baseline hospital
transfer rates stand to benefit the most from meeting rec-
ommended nurse staffing levels.
Compared to other medical interventions, the base case
cost-effectiveness ratio of $321,000/QALY was relatively
expensive. For example, equipping suitable nursing home
residents with hip protectors increases quality-adjusted
life expectancy while saving society money [21,22]. A
practice-initiated quality improvement intervention to
improve treatment for depression demonstrated cost-
effectiveness ratios between $9000 and $36,000/QALY
(1998 U.S. dollars) [23]. However, performing annual
Papanicolaou smears, a common medical practice, cost
>$1,600,000/QALY (1995 U.S. dollars) when compared
to performing them every two years [24].
Our analysis has several limitations, the most noteworthy
being the limitations of the data on which the analysis is
based. The recommended staffing levels required to pre-
vent increased rates of hospital transfer were estimated
through a retrospective analysis of data collected for
administrative purposes, and the exact thresholds were
determined through a post-hoc, iterative process designed
to isolate the recommended staffing levels for each staff
type. All the limitations of retrospective data analysis,
most notably the potential inability to adjust adequately
for case mix, thus affect our best estimate of cost-effective-
ness. Also, the CMS report estimates median and recom-
mended nurse staffing at the facility level. Short-stay
patients may occupy a different percentage of beds in each
facility, and the actual intensity of staffing for those beds
might vary systematically from the facility-wide estimate
in different ways for facilities with median and recom-
mended levels of staffing. To compensate for these limita-
tions, we varied the efficacy parameters over their 95
percent confidence intervals simultaneously, thus testing
a broad range of possibilities, and the results were
comparable.
This study focused on the costs and clinical benefits of rec-
ommended staffing, and not the costs of a staffing man-
date. Thus, it did not include the costs for policy
enforcement. A federal mandate to nursing facilities to
staff at certain recommended levels requires an apparatus
for accurate collection of staffing data and a mechanism
for enforcement, and even then will not ensure full com-
pliance. Predicting the consequences of a mandate was
beyond the scope of our analysis, which focused on the
immediate and downstream benefits of decreased hospi-
tal transfer rates under recommended staffing levels com-
pared to median staffing levels.
We focused solely on patients recently discharged from
the hospital, often known as "post-acute" patients, where
the Medicare Part A program is typically the payer. These
patients generally enter a SNF for a limited time to recu-
perate from their acute hospital stay and receive skilled
therapies (e.g. physical therapy, occupational therapy,
speech therapy, or intravenous antibiotics). This analysis
did not attempt to model the effect of improving staffing
for the "long-stay" residents, which constitute a different
patient population [5], so our findings are only generaliz-
able only to short-stay patients.
Strengths of the simulation model presented in this study
include the clinical relevance of the model, which cap-
tures the situation faced by the post-acute care popula-
tion. The model was quite robust to most tested variables,
and plausibly sensitive to a few key variables.
Conclusion
We conclude that an intervention to increase nurse staff-
ing to recommended levels for short-stay patients would
not be cost-effective on the basis of reduction in hospital
transfer rates alone. Further research should quantify the
non-health-related quality of life benefits experienced by
short-stay patients as a function of recommended and
median nurse staffing levels.
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
DAG constructed the Markov model and drafted the man-
uscript. SFS and JFS contributed to the study design and
critically revised the manuscript. All authors read and
approved the final manuscript.
Additional material
Acknowledgements
The authors thank Emmett Keeler for his thoughtful review of previous 
versions of this manuscript, and Katherine Ward for advice on appropriate 
modeling of costs in the SNF. DAG thanks the Robert Wood Johnson Clin-
ical Scholars Program and the UCLA Specialty Training and Advanced 
Research program for their support.
References
1. Barker WH, Zimmer JG, Hall WJ, Ruff BC, Freundlich CB, Eggert GM:
Rates, patterns, causes, and costs of hospitalization of nurs-
Additional File 1
APPENDICES A-C TABLES 5-7 FOR MANUSCRIPT: Cost-effectiveness 
of recommended nurse staffing levels for short-stay skilled nursing facility 
patients.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1472-
6963-5-35-S1.pdf]Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Health Services Research 2005, 5:35 http://www.biomedcentral.com/1472-6963/5/35
Page 9 of 9
(page number not for citation purposes)
ing home residents: a population-based study.  Am J Public
Health 1994, 84:1615-1620.
2. Creditor MC: Hazards of hospitalization of the elderly. Ann
Intern Med 1993, 118:219-223.
3. Saliba D, Kington R, Buchanan J, Bell R, Wang M, Lee M, Herbst M,
Lee D, Sur D, Rubenstein L: Appropriateness of the decision to
transfer nursing facility residents to the hospital. J Am Geriatr
Soc 2000, 48:154-163.
4. Hutt E, Frederickson E, Ecord M, Kramer AM: Associations among
processes and outcomes of care for Medicare nursing home
residents with acute heart failure. J Am Med Dir Assoc 2003,
4:195-199.
5. Anonymous: Report to Congress: Appropriateness of Mini-
mum Nurse Staffing  Ratios In Nursing Homes, Phase II Final
Report.  [http://cms.hhs.gov/medicaid/reports/rp1201home.asp].
6. Institute of Medicine (U.S.). Committee on the Work Environment
for Nurses and Patient Safety.: Keeping patients safe : transform-
ing the work environment of nurses. Edited by: Page A. Wash-
ington, DC, National Academies Press; 2004:xxi, 461 p.. 
7. Anonymous: Raised Bill No. 318: An Act Concerning Nursing
Home Staffing Levels.  [http://www.cga.ct.gov/asp/cgabillstatus/
cgabillstatus.asp?selBillType=Bill&b
ill_num=318&which_year=2004&SUBMIT.x=11&SUBMIT.y=13  ].
Edited by: Assembly  SCG 
8. White C: Rehabilitation therapy in skilled nursing facilities:
effects of Medicare's new prospective payment system.
Health Aff (Millwood) 2003, 22:214-223.
9. Anonymous: The DRG Handbook: Comparative Clinical and
Financial Benchmarks. Evanston, Illinois, Solucient, LLC; 2003. 
10. Cohen-Mansfield J, Marx MS, Lipson S, Werner P: Predictors of
mortality in nursing home residents.  J Clin Epidemiol 1999,
52:273-280.
11. Tsevat J, Cook EF, Green ML, Matchar DB, Dawson NV, Broste SK,
Wu AW, Phillips RS, Oye RK, Goldman L: Health values of the
seriously ill. SUPPORT investigators.  Ann Intern Med 1995,
122:514-520.
12. Anonymous: Consumer Price Index, Medical Care--All Urban
Consumers.  [http://www.bls.gov].
13. Anonymous:  National Compensation Survey: Occupational
Wages in the United States, July 2002.  [http://www.bls.gov/ncs/
ocs/sp/ncbl0539.pdf].
14. Anonymous: Employer Costs for Employee Compensation--
September 2003.  [http://www.bls.gov/news.release/ecec.nr0.htm].
15. Anonymous:  MedPAC Briefings on Selected Payment Sys-
tems, Section C: Assessing payment adequacy and updating
payments for skilled nursing facility services.  [ h t t p : / /
www.medpac.gov/publications/congressional_reports/
Mar03_Ch2C.pdf].
16. Anonymous: 2002 Physicians Fee & Coding Guide: A Compre-
hensive Fee & Coding Reference. 13th edition. Augusta, Georgia,
HealthCare Consultants of America, Inc.; 2001. 
17. Harrington C: 1998 State Data Book on Long Term Care Pro-
gram and Market Characteristics.  [http://www.cms.gov/medic
aid/services/98sdbltc.pdf].
18. Schnelle JF, Simmons SF, Harrington C, Cadogan M, Garcia E, B MBJ:
Relationship of nursing home staffing to quality of care.
Health Serv Res 2004, 39:225-250.
19. Schnelle JF, Alessi CA, Simmons SF, Al-Samarrai NR, Beck JC, Ous-
lander JG: Translating clinical research into practice: a rand-
omized controlled trial of exercise and incontinence care
with nursing home residents.  J Am Geriatr Soc 2002,
50:1476-1483.
20. Schnelle JF, Keeler E, Hays RD, Simmons S, Ouslander JG, Siu AL: A
cost and value analysis of two interventions with incontinent
nursing home residents. J Am Geriatr Soc 1995, 43:1112-1117.
21. Colon-Emeric CS, Datta SK, Matchar DB: An economic analysis of
external hip protector use in ambulatory nursing facility
residents. Age Ageing 2003, 32:47-52.
22. Waldegger L, Cranney A, Man-Son-Hing M, Coyle D: Cost-effec-
tiveness of hip protectors in institutional dwelling elderly.
Osteoporos Int 2003, 14:243-250.
23. Schoenbaum M, Unutzer J, Sherbourne C, Duan N, Rubenstein LV,
Miranda J, Meredith LS, Carney MF, Wells K: Cost-effectiveness of
practice-initiated quality improvement for depression:
results of a randomized controlled trial.  Jama 2001,
286:1325-1330.
24. Graham JD, Corso PS, Morris JM, Segui-Gomez M, Weinstein MC:
Evaluating the cost-effectiveness of clinical and public health
measures. Annu Rev Public Health 1998, 19:125-152.
25. Gold MR: Cost-effectiveness in health and medicine. New
York, Oxford University Press; 1996:xxiii, 425. 
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6963/5/35/prepub